Searching PAJ 



BEST AVAILABLE COPY 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



~ClilPublr<ratten-number 



-2001-329905- 



(43)Date of publication of application : 30.1 1.2001 



(51)Int.CI. 




F02D 45/00 
G01M 15/00 
G01N 33/22 




(21)Application number 


: 2000-149788 


(71)Applicant 


: AMERICAN PETRO CHEMICAL 








(JAPAN) LTD 


(22)Date of filing : 


22.05.2000 


(72)Inventor : 


KIJIMA TOSHIJI 



(54) COMBUSTION CHARACTERISTICS ANALYZING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a combustion 
characteristics analyzing device to analyze combustion 
characteristics of fuel by measuring a change during the 
combustion of the fuel. 

SOLUTION: In order to measure the temporal change of a 
burning state by burning sample fuel under a fixed burning 
condition, this combustion characteristics analyzing device is 
composed of a combustion chamber 2 with a fixed capacity, an 
outside container 4 to store the entire combustion chamber in a 
sealed condition, a pressurizing means 10 to pressurize the 
inside of the combustion chamber 2 to a designated pressure, a 
heating means 20 to heat the inside of the combustion chamber 
2 to a designated temperature, an injecting means 30 to inject 
the sample fuel into the combustion chamber 2, and an 
analyzing means 40 to find combustion characteristics based on 
a measured value by measuring at least the pressure in the 
combustion chamber 2. 
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* NOTICES * 

JPO and NCXPX are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The outside container which contains the combustion chamber of fixed capacity, and the whole 
combustion chamber in the seal condition, A pressurization means to pressurize a combustion chamber at a 
predetermined pressure, and a heating means to heat a combustion chamber to predetermined temperature, A 
pressure is measured even if there are few injection means to inject a sample fuel to a combustion chamber, 
and combustion chambers. Combustion-characteristics analysis equipment which have an analysis means to 
search for combustion characteristics based on this measured value, and the combustion chamber set as a 
predetermined pressure and predetermined temperature is made to inject a sample fuel, and is characterized 
by searching for combustion characteristics from time amount change of the measured value of the time of 
this injection to the time of a burn out. 

[Claim 2] Combustion-characteristics analysis equipment according to claim 1 which supports movable to 
Mizouchi who formed the edge of said combustion chamber in the outside container side, and is 
characterized by absorbing telescopic motion by the thermal expansion of a combustion chamber. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention analyzes the combustion characteristics of a fuel and relates to the 
combustion-characteristics analysis equipment which obtains data effective in reduction of the operating 
method of a combustion engine, adjustment of a combustion engine, the design of a combustion engine, the 
standard of fuel oil, and harmful exhaust gas etc. 
[0002] 

[Description of the Prior Art] The user who uses a fuel has spread in various fields, such as fuel supplier 
companies, such as refueling contractors, such as an engine user who uses the engine installed in various 
driving gears, such as a vessel and an automobile, etc., an engine manufacturer who manufactures and offers 
these various kinds of engines, a maintenance contractor who performs maintenance of this engine, a refiner 
which performs fuel purification, and the Bangka ring, and a distribution industry company who performs 
fuel transportation. The field in connection with current and such a fuel is estimating combustion 
characteristics based on ignitionability, and the cetane number, a cetane index, a Diesel index, CCAI 
(Calculated Carbon Aromaticity Index), CII (Calculatedlgnition Index), etc. are known for it as an index 
which shows this ignitionability. 

[0003] The cetane number is an index which shows the self-ignition nature under diesel conditions, and sets 
the good cetane of ignitionability to 1 00. Set the cetane number of the bad hepta-methyl nonane of 
ignitionability to 15, and the ignitionability of the reference fuel which mixed the cetane and the hepta- 
methyl nonane, and a sample is compared. Each capacity (%) of the cetane in the reference fuel which 
shows the same ignitionability as a sample, and a hepta-methyl nonane is applied to the formula of capacity 
(%) x0.15 of the capacity (%)+ hepta-methyl nonane of a cetane number = cetane, and is expressed 
integrally. This cetane number is measured by the measuring device constituted from a device similar to the 
engine called the engine for CFR (Cooperative Fuel Research) cetane number measurement (F-5) specified 
by JIS-K -2280. 

[0004] It calculates in a formula from API degree and 50% distillation temperature (mean average boiling 
point) in 760mmHg(s), and the cetane number is presumed, and a Diesel index is calculated from API 
gravity and the aniline point, and presumes the cetane number so that a cetane index may be prescribed by 
JIS-K -2204. Moreover, CCAI expresses the aromaticity included in fuel oil, and uses correlation with an 
ignition delay. 
[0005] 

[Problem(s) to be Solved by the Invention] Each above-mentioned evaluation value includes various 
problems as an index which shows the combustion characteristics of a fuel. For example, since repeatability 
is not prescribed by JIS-K -2280, the cetane number has a problem in the accuracy of measurement, needs 
the amount of samples of several 1. for measurement, and has the problem that actuation is complicated and 
measurement of one sample takes one day. Moreover, with this equipment, although the cetane number of a 
distillate can be measured, the cetane number of a residue oil (B, C fuel oil) cannot be measured. The 
engineer who became skillful in order to use a special measuring device called the engine for CFR cetane 
number measurement is required. Since the pressurization approach with a piston is used especially, it is 
difficult to obtain the measurement result by which description of an engine oil, maintenance status of a 
testing machine, etc. which are used influenced the measurement result, and were stabilized. Thus, current is 
seldom used from the difference of the result depended on the problem of the time amount which the 
problem of the accuracy of measurement and measurement take, and the technical difference of an operating 
personnel etc., but it is used only when [, such as a lab, ] special. 
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[0006] Moreover, with a cetane index, it is necessary to ask for a distillation temperature 50% by API 
degree (specific gravity) and distillation actuation, the amount of samples which is about 500ml is needed, 
and there is a problem that it cannot ask, from little sample oil. Moreover, there is a problem that 
measurement is impossible, above the B fuel oil containing many residue oils. Depending on the class of 
fuel, measurement precision may be low and a Diesel index's may be unsuitable as an ignitionability index. 
Moreover, since the additive with which CCAI and CII may be mixing in a fuel, and an impurity are called 
for by count from the problem that the effect to which it gives ignitionability cannot be known, viscosity and 
specific gravity, and a sulfur content, although the numeric value itself is easily controllable, combustion 
characteristics may make a rather unstable thing. Moreover, it does not pass over evaluation values, such as 
the cetane number used conventionally, a cetane index, a Diesel index, CCAI, and CII, against the index 
which shows ignitionability, but they have the problem that some combustion characteristics of a fuel can be 
known. 

[0007] In the former, usually refined the petroleum product by taking out only direct-current fractional 
distillation from a crude oil. therefore — even if it is the conventional evaluation approach which makes only 
an ignition delay the valuation basis of a fuel — a fuel — the big difference to management and evaluation of 
description was not seen, and the big trouble to the fuel management by this was not produced. However, 
the purification method to which the petroleum product by which current purification is carried out changes 
a part for heavy into a light part like not only direct-current fractional distillation but a secondary part 
solution method or a catalytic cracking method is used. The fuel refined by this purification method is 
difficult to specify flammability only by ignitionability like before. Moreover, although a gasoline, gas oil, a 
fuel oil, and other various petroleum products are manufactured by blending each base material divided by 
the distillation property, it results in producing the fuel which combustion characteristics do not understand 
more by being blended while combustion characteristics have not been known. Moreover, even if 
combustion characteristics are known as a base material before a blend, predicting the combustion 
characteristics after a blend will have much data accumulation and experience required for blending the fuel 
with which a property is different in addition to this. 

[0008] on the other hand — the former — as the main cause of an engine trouble — a design of an engine 
engine and oil — the various fuel troubles where description and idea ****** consider the description of the 
fuel accompanying change of a fuel process and an inflammable fall as a reason in recent years are also 
reported. The secondary part solution method and catalytic cracking method for raising the ratio of a light 
part are also the cause of reducing the flammability of a fuel. For example, change of such a need 
configuration of a petroleum product, the increment in need of light oil, and the need fall of heavy oil 
promoted operation of a secondary cracking unit, in order to aim at increase in quantity of light oil, they 
reduced the quality of a residue oil, and have brought about hyperviscosity-izing of the vessel fuel which 
uses this residue oil as a base material, densification, and high asphaltene-ization. Hyperviscosity[ these ]- 
izing, densification, and high asphaltene-ization reduce ignitionability and flammability, increase the 
thermal load of the circumference of a combustion chamber, reduce engine dependability, and make the 
phenomenon called an ignition delay and scuffing generated. 

[0009] Moreover, in addition to this, by [ to waste oil or the fuel oil of seawater ] mixing, the dirt of the 
circumference of a combustion chamber or an exhaust air system increases, or the engine trouble by 
adhesion in the high temperature corrosion and exhaust air system by sodium in seawater etc. occurs. As an 
engine trouble which such a fuel causes, discharge and loss of power of the poor injection by the blinding of 
a fuel strainer, lock out of an injection nozzle, and deposit adhesion of an injection nozzle tip, sticking by 
the deposit of the piston ring and a pool compression, the lacquer enamel ring of a SHIRIN die liner, 
scuffing, and a black smoke, the fall of engine startability, the rise of an exhaust-gas temperature, etc. are 
mentioned, for example. 

[0010] If the problem resulting from this combustion is a total, the engine performance of a combustion 
engine, engine dependability, and an engine life will be influenced, and it will develop also into an exhaust 
gas problem and the problem of an energy resource. There is a problem that the various engine troubles by 
inflammable change can perform neither the conventional component analysis nor fuel management 
sufficient on the fuel criteria based on a cetane index and ignitionability to such a fuel. 
[001 1] Therefore, it is difficult to obtain the test result stabilized in the conventional ignitionability testing 
machine, and it is important for judging change of the combustion characteristics accompanying change of 
the petroleum-refining approach only by the ignition delay for there to be no effectiveness to the request of 
the improvement in an engine performance and dependability, exhaust gas reduction, etc., and to measure 
and analyze the change in combustion of a fuel in certain combustion conditions. Then, this invention solves 
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the conventional trouble and it aims at measuring the change in combustion of a fuel and analyzing the 

combustion characteristics of a fuel. 

[0012] 

[Means for Solving the Problem] This invention analyzes combustion characteristics , such as ignition-delay 

time amount, the main combustion stage, bum time, and a heat rate curve, by always making combustion 
conditions fixed and measuring the temporal response of a combustion condition by making combustion of a 
sample fuel perform by the combustion chamber of the fixed capacity set as a predetermined elevated 
temperature and high-pressure conditions. In order that the combustion-characteristics analysis equipment of 
this invention may burn a sample fuel on certain combustion conditions and may measure the temporal 
response of a combustion condition The outside container which contains the combustion chamber of fixed 
capacity, and the whole combustion chamber in the seal condition, It considers as the configuration 
equipped with a pressurization means to pressurize a combustion chamber at a predetermined pressure, a 
heating means to heat a combustion chamber to predetermined temperature, an injection means to inject a 
sample fuel to a combustion chamber, and an analysis means of a combustion chamber to measure a 
pressure at least and to search for combustion characteristics based on this measured value. 
[0013] After making a combustion chamber into a pressure predetermined with a pressurization means and 
considering as predetermined temperature with a heating means, a combustion chamber is made to inject a 
sample fuel with an injection means. Self-ignition of the sample fuel injected by the combustion chamber is 
carried out. The sensor formed in the combustion chamber measures the pressure variation of a combustion 
chamber. An analysis means searches for combustion characteristics, such as ignition-delay time amount, 
the main combustion stage, bum time, and a heat rate curve, from time amount change of the measured 
value of the time of combustion being completed from the time of injecting a sample fuel. The pressure and 
temperature of a combustion chamber can be made into for example, 45bars (45x1 05Pa) and 450 degrees C. 
As a pressurization means to set a combustion chamber as high pressure, the compressed air from for 
example, a high-pressure air bomb can be used, and the thing of for example, 50bars (50x1 05Pa) can be 
used as a pressure of a high-pressure air bomb. In addition, the relief valve which restricts the pressure of a 
combustion chamber can be prepared. As a heating means to set a combustion chamber as an elevated 
temperature, a sheath heating element and IH component can be prepared in the periphery of a combustion 
chamber. 

[0014] An injection means is equipped with a fuel injection pump and an injection nozzle, and injects a 
sample fuel with high pressure (for example, 300bar) to high pressure and a hot combustion chamber. The 
minimal dose of a sample fuel required for measurement can be set to about 50ml. Since the combustion 
chamber of this invention is the container of fixed capacity, it can be considered as the configuration which 
is not equipped with parts for moving part, such as a piston, like the conventional engine for CFR cetane 
number measurement, and can be burned at a predetermined pressure and temperature, and can always 
analyze combustion characteristics on certain combustion conditions by this. Moreover, it can measure with 
small sample fuel quantity. Since combustion-characteristics analysis equipment is a configuration which 
does not contain a part for moving part, it can make equipment small, arranges it for a vessel etc., and the 
quick combustion-characteristics analysis of it is attained. 

[0015] The combustion-characteristics analysis equipment of this invention contains the whole combustion 
chamber in the seal condition with an outside container in order to make a combustion chamber high- 
pressure and hot conditions. By preparing an outside container, the temperature of a device table side can be 
reduced and the danger of the burn by the elevated temperature can be reduced. Moreover, the heating 
effectiveness and heat insulating efficiency of a combustion chamber can be raised by preparing an outside 
container. 

[0016] With combustion-characteristics analysis equipment, a combustion chamber is expanded and 
contracted in the time of an elevated temperature and low temperature by thermal expansion. In this 
invention, it considers as the configuration supported movable to Mizouchi who formed the edge (for 
example, edge of a pars basilaris ossis occipitalis) of a combustion chamber in the outside container side. By 
this, even if a combustion chamber expands and contracts by thermal expansion, the edge of a combustion 
chamber can move Mizouchi who formed in the outside container side, and can prevent damage on a 
combustion chamber, and the pressure leakage of a combustion chamber. This configuration acts similarly 
to the relative telescopic motion produced by the temperature gradient of the material which forms a 
combustion chamber, and the material which forms an outside container, and the difference in thermal 
expansion. Moreover, even if it is the case where pressure leakage occurs in a combustion chamber 
temporarily, high pressure gas can control revealing outside with the outside container which contains the 
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whole combustion chamber in the seal condition. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail, 
referrin g to d rawin g. Drawing 1 is a schematic diagram for explaining the configuration of the combustion- 
characteristics analysis equipment of this invention. The duplex container which contains the outside 
container 4 with which combustion-characteristics analysis equipment 1 contains the combustion chamber 
[ of fixed capacity ] 2, and combustion chamber 2 whole in the seal condition in drawing 1 , It has a 
pressurization means 10 to pressurize the inside of a combustion chamber 2 at a predetermined pressure, a 
heating means 20 to heat the inside of a combustion chamber 2 to predetermined temperature, an injection 
means 30 to inject a sample fuel in a combustion chamber 2, and an analysis means 40 in a combustion 
chamber 2 to measure a pressure at least and to search for combustion characteristics based on measured 
value. A combustion chamber 2 is contained by the seal condition for example, in the outside container 4 
which is a hermetic container formed from steel etc., for example, is formed by stainless steel. It fills up 
with heat insulators, such as insulating concrete, between a combustion chamber 2 and the outside container 
4. 

[001 8] The pressurization means 1 0 can be constituted from the air bomb 1 1 and the pressure regulation 
means 12 which were established outside, and is pressurized by introducing the compressed air in a 
combustion chamber 2 through the pressure regulation means 1 2 from the air bomb 1 1 . The inside of a 
combustion chamber 2 is pressurized by this for example, at 45bars (45x1 05Pa). The heating means 20 can 
consist of power sources 21 prepared in the exterior which drives the heating elements 22, such as a sheath 
heating element prepared in the periphery of a combustion chamber 2, and IH component, and this heating 
element 22. The interior of a combustion chamber 2 is heated by the 450-degree C elevated temperature 
with the heating means 10. 

[0019] The injection means 30 is equipped with the injection nozzle 33 which has a fuel injection pump 32 
and opening wide opened to the combustion chamber 2, and injects the sample fuel in the sample fuel 
container 31 to a combustion chamber 2 with high pressure. An injection pressure can be set for example, to 
300bar (300x1 05Pa). Moreover, the overheated nozzle part can be cooled by setting up a cooling pipe 14 
near the injection nozzle 33, and supplying refrigerants, such as cold water, from the source 13 of cooling. 
In addition, the exhaust port 34 which exhausts combustion gas is established in a combustion chamber 2. 
The analysis means 40 is equipped with the sensor 42 which measures the pressure in a combustion chamber 
2, a measurement / analysis means 43 to measure the detection value of this sensor 42, to record, and to 
analyze, and a display means 44 to display an analysis result. 

[0020] If a sample fuel is injected with high pressure in the combustion chamber 2 set as an elevated 
temperature and high-pressure conditions, self-ignition of the sample fuel will be carried out. temperature 
the need — also detects the pressure in a combustion chamber 2, measurement / analysis means 43 measures 
the pressure variation by combustion of a sample fuel, and a sensor 42 searches for combustion 
characteristics, such as burn time and a heat rate curve. Drawing 2 can show a measurement result typically 
and can find ignition-delay time amount, a maximum pressure, maximum-pressure time of concentration, 
the main combustion stage, bum time, etc. In addition, drawing 2 (a) shows a pressure curve and drawing 2 
(b) shows the heat release curve (time amount change of the rate of a pressure buildup). In addition, when 
the pressure regulation means 12, a power source 21, a fuel injection pump 32, and measurement / analysis 
means 43 are controlled and the inside of a combustion chamber 2 reaches a predetermined pressure and 
temperature, in a combustion chamber 2, a control means 41 makes a sample fuel inject, and measures and 
records pressure variation. 

[0021] Combustion-characteristics analysis equipment 1 the inside of the combustion chamber 2 of fixed 
capacity Therefore, the pressure near an actual combustion engine, Pressurize and heat air to temperature 
and the target sample fuel is injected in the air. Self-ignition and combustion of can be done, a combustion 
test can be performed in the state of combustion near a combustion engine, the firing pressure in a 
combustion chamber 2 can be measured and recorded by time series, burn time, ignition-delay time amount 
(cetane number), a heat rate, etc. can be measured, and the combustion characteristics of a fuel can be 
measured and analyzed. Combustion-characteristics analysis equipment 1 can measure change of the 
combustion under the conditions of various combustion temperature and firing pressures by 2000 or more 
point of measurement within the measuring time of for example, lOOmmsec, and can process information by 
being able to set up and control combustion temperature and a firing pressure at arbitration, and 
downloading the obtained measurement data to a computer. 

[0022] In this information processing, when searching for the cetane number, the cetane number can be read 
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by mixing the normal cetane (cetane number 100) and hepta-methyl nonane (cetane number 15) which are 
made into a standard substance, forming the trial fuel of each cetane number, considering as a standard trial 
fuel, creating a calibration curve from the flammability of a standard trial fuel, and comparing the test result 
of a ggmplp fiieJ with a calibration curve. Since this quantum cont ainer burner is a configuration which is not 
equipped with an engine-like gestalt like the conventional testing device and it can measure the combustion 
in every time in distinction from other combustion, it can perform more exact measurement and can read 
inflammable dispersion and change which a fuel gives to combustion. Moreover, it can also ask for 
maximum, the average, or standard deviation about the measured value of multiple times. 
[0023] In addition, the combustion-characteristics analysis equipment of this invention takes the 
configuration for making hot and high-pressure conditions attain in a combustion chamber. Drawing 5 and 6 
are examples of a configuration which support the thermal expansion of a combustion chamber 2 and wall 
4B in the base section 8 of one. In drawing 5 , a combustion chamber 2 maintains an airtight by packing 7b 
inserted between a bottom plate 6 and the base section 8, and the outside container 4 holds the airtight by 
packing 7a inserted between wall 4B and the base section 8. 

[0024] In this configuration, as shown in drawing 6 (a), when a combustion chamber 2 develops, packing 7b 
is compressed more greatly than packing 7a by the difference of the thermal expansion of a combustion 
chamber 2 and the outside container 4. Usually, if telescopic motion by thermal expansion is repeated, the 
stability of packing will decline. The fall of this stability becomes so remarkable that compressive extent is 
large, and has a possibility that Clearance A may be generated between a combustion chamber 2 and the 
outside container 4, and pressure leakage may arise when a combustion chamber 2 contracts, as shown in 
drawing 6 (b). Therefore, the combustion chamber used for the combustion-characteristics analysis 
equipment of this invention needs the configuration for preventing the pressure leakage produced in 
telescopic motion by such thermal expansion. The combustion chamber of this invention is considered as the 
configuration which absorbs telescopic motion by the thermal expansion of a combustion chamber by 
supporting movable to Mizouchi who formed the edge of a combustion chamber in the outside container 
side. 

[0025] The detailed configuration of the combustion chamber 2 of this invention and the outside container 4 
is explained using drawing 3 and 4. a part of that drawing 3 is a sectional view for explaining the 
configuration of a combustion chamber and an outside container, and drawing 4 explains the operation by 
the thermal expansion of a combustion chamber and an outside container sake — it is a sectional view. It is 
made to support movable within slot 4c which extended the edge (here, the pars-basilaris-ossis-occipitalis 
side edge section is shown) of a combustion chamber 2 to the base section 4A side of the outside container 
4, formed extension 2a, and was formed in base section 4A. Base section 4A of the outside container 4 is 
equipped with 1 st base 4a and 2nd base 4b, and forms slot 4c by the clearance between Hazama of both the 
bases. In addition, in slot 4c, 4d of O rings is prepared between extension 2a and 2nd base 4b. Moreover, 1st 
base 4a supports wall 4B of the outside container 4 on both sides of packing 7a, and 2nd base 4b is 
supporting the bottom plate 6 of a combustion chamber 2 on both sides of packing 7b. 
[0026] Drawing 4 (a) shows the case where a combustion chamber 2 develops by thermal expansion, and 
drawing 4 (b) shows the case where a combustion chamber 2 contracts. If a combustion chamber 2 develops 
in drawing 4 (a), extension 2a will move in the direction of an arrow head in drawing caudad in the inside of 
slot 4c. Although this deep wall 4B of the bottom plate 6 of a combustion chamber 2 and the outside 
container 4 compresses packing 7b and packing 7a and descends by the pressure thru/or thermal expansion, 
in order that extension 2a may descend the inside of slot 4c, the compressive force over packing 7b and 
packing 7a does not become too much thing. On the other hand, if a combustion chamber 2 contracts in 
drawing 4 (b), extension 2a will move in the direction of an arrow head in drawing up in the inside of slot 
4c. In the migration in slot 4c of this extension 2a, as for extension 2a and base section 4 A of the outside 
container 4, sealing is maintained by slot 4c and 4d of O rings. 

[0027] When it compares with drawing 5 and the configuration shown in 6, into slot 4c since [ according to 
the configuration of this invention / extension 2a / container / 4 / outside / independently ] it is movable, 
packing 7b and packing 7a are not compressed too much, and can prevent the pressure leakage by withering 
of packing. Moreover, the damage over combustion chamber 2 the very thing can also be decreased. 
[0028] Next, the example of a display of the analysis result obtained with the combustion-characteristics 
analysis equipment of this invention is explained using drawing 7 - drawing 13 . Drawing 7 is the example 
of a display of a combustion curve, and shows time amount change of the pressure of a combustion 
chamber. Moreover, drawing 8 is the example of a display of a heat rate curve, and shows time amount 
change of the rate of a pressure buildup of a combustion chamber. From the combustion curve of drawing 
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7 , and the heat rate curve of drawing 8 , an initial combustion stage (ignition stage), the main combustion 
stage, ignition-delay time amount, a maximum pressure, and a maximum-pressure generating stage can be 
measured. Drawing 7 and the example of an analysis result of 8 show that ignition-delay time amount is 

isec(s), and maximum pressures areLabout 1 0 bars. . . 

[0029] Drawing 9 - drawing 1 1 show the example of a display of the example of an analysis result which 
analyzed combustion characteristics about two or more fuels. Drawing 9 shows the example of a display 
which displayed each combustion curve of two or more fuels (from test 147 to testl 56) in piles on the same 
screen, and drawing 10 shows the example of an enlarged display, moreover — the display gestalt of the 
analysis result of two or more fuels is arbitrary - it can carry out — drawing 9 R> — the thing displayed with 
a combustion curve like 9 and 10 can also be numerically displayed like drawing 1 1 . In addition, in 
displaying combustion characteristics about two or more fuels, the analysis result is memorized for every 
fuel, the analysis result which indicates by comparison is read, and it expresses to a display as a 
predetermined display gestalt. Drawing 12 searches for the ignition delay of each fuel from the analysis 
result of two or more fuels, and indicates the frequency by the histogram. According to this histogram, 
distribution (standard deviation etc.) of the ignition delay of two or more fuels can be searched for, and 
dispersion in the property when making the ignition delay of a fuel into an index can be known. 
[0030] Moreover, the cetane number of a fuel can be searched for with the combustion-characteristics 
analysis equipment of this invention. Drawing 13 is a graph explaining the decision of the cetane number of 
a fuel. With the combustion-characteristics analysis equipment of this invention, the cetane number finds 
beforehand the ignition-delay time amount of known reference fuel, and searches for the calibration curve 
(polygonal line in drawing) from this result. Next, the cetane number of a sample fuel can be searched for by 
finding ignition-delay time amount with the combustion-characteristics analysis equipment of this invention, 
and searching for the point that this ignition-delay time amount and calibration curve cross, about a sample 
fuel. 

[0031] According to the combustion-characteristics analysis equipment of this invention, in addition to the 
ignition-delay time amount known conventionally, actual various combustion characteristics can be 
searched for, and it can respond to the various exchange about a fuel. Moreover, according to the 
combustion-characteristics analysis equipment of this invention, time amount change of the rate of 
combustion or a pressure can be graph-ized, and the main combustion location can be pinpointed, for 
example. The conventionally difficult initial combustion and the main combustion can be distinguished, and 
actual combustion characteristics can also be read correctly. From initiation of combustion to termination 
can be observed based on pressure data, the incidence rate of burn time and heat can be read, and an actual 
combustion change can be read correctly. Moreover, based on the difference and combustion characteristics 
of a combustion result, the damage which combustion gives to each burning appliance and a combustion 
engine, the effect which it has on an exhaust gas presentation, the effect which it has on specific fuel 
consumption can be judged. 

[0032] The above-mentioned measurement can ask for the index of dispersion in combustion characteristics 
by being able to raise the accuracy of measurement and comparing a difference of combustion with each 
time by repeating a trial multiple times (for example, 10 times) on the same conditions. Moreover, the 
analysis result obtained with the combustion-characteristics analysis equipment of this invention can be 
contributed to improvement in an engine performance and dependability, and harmful exhaust gas reduction. 

[0033] 

[Effect of the Invention] As explained above, according to the combustion-characteristics analysis 
equipment of this invention, the change in combustion of a fuel can be measured and the combustion 
characteristics of a fuel can be analyzed. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

Q] LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



